Iliac artery aneurysms (IAAs) occur much more rarely than abdominal aortic aneurysms (AAAs). A distinction can be made between true and anastomotic IAAs. True IAAs are most frequently atherosclerotic and localized in the common iliac artery (CIA), solitary or in combination with an AAA. 1 Solitary IAAs were found to occur with an incidence of 0.03% in a large autopsy study. 2 Anastomotic IAAs can occur after previous arterial reconstructions, with a cumulative incidence of Ͼ20% after a follow-up of 15 years. 3 As a result of the ongoing evolution in imaging techniques, asymptomatic IAAs are now being diagnosed more frequently than they were before. They can become symptomatic as a result of compression on or erosion of adjacent structures. The most devastating complication is rupture of the aneurysm, which is difficult to diagnose because usually no pulsatile mass is palpable. To prevent these complications, isolated IAAs with a diameter of Ͼ3 cm are recommended for elective repair. 1, 4 Open repair of an IAA is a major intervention. The mortality is comparable to that of elective repair of open AAA and increases up to 33% for emergent interventions. The close anatomic relation of veins and ureters with the iliac arteries in the pelvic region results in a risk of damage to these structures, contributing to the morbidity of the procedure. 1, 3, 4 Minimally invasive endovascular repair with a stent-graft may be a good alternative treatment for open repair, with less associated mortality and morbidity. We analyzed a prospective cohort of patients treated endovascularly for an IAA.
PATIENTS AND METHODS
Patient selection. All patients with IAAs referred to our university vascular center between June 1998 and June 2005 were evaluated for endovascular repair. Criteria for repair were a diameter of Ն30 mm for anastomotic aneurysms and Ն35 mm for true aneurysms. Inclusion criteria for endovascular repair with a tubular graft included an anastomotic or true aneurysm of the CIA with a proximal neck of at least 1 cm in length, a distal landing zone without significant stenosis or aneurysmal dilatation in the distal CIA or EIA, and access vessels with a diameter of at least 6 mm. All patients with a concomitant AAA were excluded from this study.
Endovascular procedure. The work-up consisted of a computed tomography (CT) scan. In some cases, an additional calibrated angiography was performed to aid in the necessary measurement and assessment of inflow and outflow tracts.
All procedures were performed in an operating theater by an endovascular team that included a vascular surgeon and radiologist. Access to the common femoral artery was achieved by open dissection of the groin, preferentially under local anesthesia. A description of this technique using local anesthesia and the criteria for choosing local anesthesia instead of regional or general anesthesia have been described. 5 Different types of stent-grafts were used, including the Excluder contralateral limb (W.L. Gore & Associates, Flagstaff, Ariz), Passager (Boston Scientific, Watertown, Mass), Wallgraft (Boston Scientific, Natick, Mass), and Hemobahn (W.L. Gore & Associates). In July 1999, the Excluder bifurcated system was introduced in our practice for the repair of AAAs. From October 2000 on, the Excluder contralateral limb stent-graft was preferentially used for the treatment of IAAs.
Embolization of the IIA was performed in those cases where backflow from the IIA was expected to result in a type II endoleak. In cases where embolization of the IIA was needed, it was preferentially performed via the ipsilateral side or from the contralateral side, if judged necessary. Embolization was performed at the origin of the IIA to preserve flow in the different distal branches. It was performed during the same procedure, immediately preceding the endovascular repair.
Follow-up schedule. Duplex ultrasound scanning and plain radiographs of the abdomen in anteroposterior and lateral view were made at discharge, 6 months, 1 year, and yearly thereafter. A CT scan (or angiography on some occasions) was reserved for those patients where the ultrasound scan failed or demonstrated an endoleak or growth without endoleak. 6 All patients received antiplatelet or anticoagulation therapy. Patients who were taking anticoagulants before the intervention, mostly for cardiac indications, continued this therapy after the operation. The other patients were prescribed acetyl salicylic acid, 80 mg daily.
Statistical analysis. Data for continuous variables were expressed as mean Ϯ standard deviation. Data were prospectively collected and analyzed in a retrospective manner. Primary outcome measures were exclusion of the IAA, graft patency, and 30-day mortality. Other outcome measures studied were duration of the procedure, length of hospital stay, and early and late postoperative complications. Time-to-event variables were studied with KaplanMeier survival analysis using SPSS 12.0 (SPSS, Chicago, Ill).
RESULTS
Fifty-eight patients with one or more isolated IAAs were evaluated for endovascular treatment, and 21 were not treated endovascularly for different reasons (Table I) . The other 37 patients were treated with a stent-graft. Two of these patients were excluded from this study, including one who was treated with a bifurcated graft, and another with an aortouniiliac device (Table I ).
In the remaining 35 patients, 33 men (94%) and two women (6%), 40 IAAs were treated with an endovascular tubular stent-graft. Five patients were treated for a bilateral IAA, of which three patients were in the same operation session. Mean age of the patients was 71.3 Ϯ 8.4 years (range, 51 to 85 years). Mean diameter of the aneurysms was 44.2 Ϯ 13.8 mm (range, 30 to 91 mm). Aneurysms were anastomotic in 26 cases and true in 14 cases. Details of the different types of aneurysms are described in Table II . Elective treatment was performed in 30 patients (86%) and emergent repair in five (14%). Local anesthesia was used for the treatment of 26 patients (74%) and regional or general anesthesia for the treatment of nine (26%). Four of the five aneurysms that were treated emergently were done under local anesthesia. The four different types of stent-grafts used were the Excluder contralateral limb (n ϭ 28, 70%), Passager (n ϭ 9, 22.5%), Hemobahn (n ϭ 2, 5%), and Wallgraft (n ϭ 1, 2.5%).
All procedures were successful, but intraoperative technical problems occurred in four patients. In all four, the stent-graft was positioned too low, and an additional device had to be inserted to seal more proximally. Additional planned procedures were performed in the same session in six patients, including coil embolization of a native aor- toiliac system (n ϭ 1), percutaneous transluminal angioplasty of a femorofemoral crossover bypass (n ϭ 1), interposition graft of the common femoral artery (n ϭ 2), profunda plasty (n ϭ 1), and correction of an inguinal hernia (n ϭ 1). The mean operation time without time needed to perform these additional procedures, but including time needed for embolization of the IIA in some cases, was 83 Ϯ 28 minutes (range, 50 to 150 minutes). No other procedure-related complications occurred, except for those that were mentioned. The IIA was preserved in two cases (5%), was already occluded at the time of the intervention in 10 (25%), and was intentionally occluded in 28 cases (70%). Occlusion of the IIA in these 28 cases was performed by coil embolization in 15 (54%), by covering the origin of the IIA with the stent-graft in 12 (43%), or by open ligation in a patient (3%) with an anastomotic aneurysm on the CIA and an aneurysm of the IIA. Of these 28 patients, 20 did not have a contralateral occlusion of the IIA. Gluteal claudication developed in two (10%). Eight patients had a contralateral occlusion, and in only one of them (13%) did gluteal claudication develop. No other ischemic complications occurred as a result of intentional occlusion of the IIA.
In one patient, an anastomotic aneurysm of a bifurcation leg onto the EIA proved not to be excluded on the first postoperative day. Expansive pulsations were felt, and a significant endoleak was found on duplex examination. The aneurysm was fed by the ipsilateral patent native aortoiliac system. Exclusion of the aneurysm was eventually established by embolization of the proximal native EIA. This was achieved through a catheter coming up via the bypass into the aorta and then going down the native aortoiliac system past the ipsilateral iliac bifurcation.
Other complications included a prolonged ileus that resolved spontaneously (n ϭ 1), urinary tract infection (n ϭ 1), retention bladder (n ϭ 1), and temporary deterioration of renal function (n ϭ 1).
Mean hospital stay was 3.3 Ϯ 2.3 days (range, 1 to 12 days). There was no 30-day mortality. Patients were followed up for a mean of 31.2 Ϯ 20.7 months (range, 3 to 83 months). Complications during follow-up occurred in two patients. A proximal type I endoleak developed in one as a result of stent-graft migration. It was initially positioned to treat an anastomotic aneurysm of a bifurcation limb onto the CIA. The proximal sealing zone was too short, and this resulted in migration and endoleak after 46 months. Treatment consisted of a proximal extension. In another patient, a Passager stent-graft was positioned proximally in an angulated neck to treat a CIA aneurysm. The stent-graft occluded 1 month after the procedure. Treatment consisted of a femorofemoral crossover bypass.
The mean IAA diameter decreased from 44.9 mm (range, 30 to 91 mm) to 31.9 mm (range, 12 to 53 mm). In one patient, a duplex examination showed an anastomotic aneurysm at the level of the CIA after a bifurcation grew from 38 to 45 mm without endoleak. This patient is scheduled to undergo further CT scanning.
Ten patients (25%) died after a mean of 26.5 Ϯ 22.2 months (range, 4 to 65 months) of causes not related to the intervention.
DISCUSSION
This study shows that endovascular treatment of IAAs with a tubular graft is associated with low mortality and morbidity. In this series with elective and emergent cases, as in other series (Table III) , no procedure-related mortality was noted. The patency rate of 97.5% (1 occlusion) is in accordance with other reports, both endovascular and open. 1, [7] [8] [9] [10] [11] [12] [13] Most of the patients were operated on under local anesthesia. Complications occurred in 7.5% of the cases (3 of the 40 aneurysms), including one aneurysm that was not immediately excluded, one migration with endoleak, and one stent-graft occlusion.
In Since then, however, several reports have been published describing good results after endovascular repair (Table III) . [7] [8] [9] [10] [11] [12] Different types of stent-grafts were used to treat the patients in these studies. In the early reports, homemade devices were used. For that purpose polytetrafluoroethylene (PTFE) grafts were secured with Palmaz stents attached to the proximal and distal end of the prosthesis. Later, several stent-grafts became commercially available and in addition to AAA repair, were also used for the exclusion of IAAs.
Iliac arteries are often tortuous, even more so when they are aneurysmatic. In addition, the diameter of the proximal sealing zone is often significantly larger than the diameter of the distal sealing zone, which is the EIA in most cases. A funnel-shaped, flexible stent-graft is therefore required. In our view, the contralateral limb of the Excluder endovascular bifurcated graft is an optimal solution. It is a funnel shaped tube with a standard proximal diameter of 16 mm and a distal diameter of 10, 12, or 14.5 mm. It is available in lengths of 7, 10, 12, and 14 cm. It is made of PTFE with an external nitinol stent, is very flexible, and therefore adapts easily to different configurations of the iliac artery anatomy (Fig 1) . Another tubular stent-graft, the Passager, is less flexible and was used in the early part of this study. The Wallgraft is flexible and can adapt to different diameters of the vessel; however, it has the disadvantage of a short maximal available length. The Hemobahn is also a flexible stent-graft, but it is not funnel-shaped.
Two different types of IAA were treated in this study, including true atherosclerotic and anastomotic aneurysms.
The smaller number of true aneurysms in this study (35%) compared with the anastomotic aneurysms reflects, among other reasons, the often too short landing zone to seal and anchor the tubular device. Of the 20 patients that were treated with open surgery, 15 had an insufficient proximal neck length (Table I ). An alternative for a tubular device in cases where this landing zone is too short is the aortouniiliac device with contralateral occluder and the femorofemoral crossover bypass graft. In cases with a bilateral true IAA of the CIA with a short neck, the alternative can be an endovascular bifurcated device.
Most anastomotic IAAs occur after a bifurcated graft with the distal anastomosis onto the CIA or EIA. The proximal sealing zone of the endograft can theoretically be chosen as long as the limb of the bifurcated graft in these cases. The limb diameters of the original bifurcation limbs in our series were 8 to 11 mm. The Excluder stent-graft, with a standard proximal diameter of 16 mm, adapted well to these smaller diameters and did not lead to any endoleaks or occlusions. The only occlusion in the series occurred in a Passager stent-graft that was positioned in a kinked CIA for a true aneurysm.
Special attention has to be drawn to patients with a bifurcated graft for occlusive disease. In these cases, an anastomotic IAA from an end-to-side anastomosis can still be in connection with the open native aortoiliac segment. A stent-graft from the bifurcation limb down to the iliac artery may, therefore, not be enough to exclude the aneurysm. The native iliac segment above the aneurysm may have to be coil embolized additionally, as in one of our patients (Fig 2) .
Sacrifice of an IIA by over-stenting or coil embolization is unavoidable in most cases (70% in this study). This led to gluteal claudication in Ͼ10% of patients. Occlusion of the IIA could have been avoided in some cases by open repair with the distal anastomosis of the interposition graft on the iliac bifurcation. This would have resulted in higher mortality and morbidity rates, however.
1,4 A stent-graft with an incorporated iliac bifurcation for insertion of a covered stent-graft into the IIA is another promising solution for preserving flow to the IIA in future cases (Fig 3) . The choice between these different treatment modalities regarding the IIA has to be based on the individual patient's situation.
Results of this study are good, especially if one takes into account that emergent cases, which are associated with a substantial mortality after open surgery, were also treated. The complication rate was low, with a low incidence of migration, endoleak, and no cases of aneurysm rupture. This series, however, consists of a cohort of selected patients where anatomic criteria were used to make the selection, including the proximal neck, distal landing zone, and tortuosity in combination with factors such as age and patient's choice. In addition, the knowledge that an IIA could be spared by performing an open reconstruction with the distal anastomosis on the iliac bifurcation, but would be sacrificed by endovascular repair, was a reason to perform open surgery, especially in bilateral cases. 
CONCLUSION
Endovascular repair of iliac artery aneurysms with flexible stent-grafts was proved to be a minimally invasive technique with low mortality and morbidity. In addition, the mid-term results suggest durability of the technique. It should therefore be regarded as a first choice treatment option for suitable aneurysms. 
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